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Introduction
The Chemical Engineering Division's work on separation of spent 
nuclear fuel required the analysis of many samples of a broad 
range of elements.  The Analytical Chemistry Laboratory has an 
inductively coupled plasma mass spectrometer (ICP/MS) in a 
controlled area that was able to handle the sample load and 
provide fast turnaround of results.  Interpreting the data produced 
from the analysis of spent fuel by ICP/MS requires correction for 
isobaric effects because the sample material is separated by mass 
and not by element. 

A scheme was developed to use the ORIGEN2 code prediction of 
fuel rod composition to correct for isobaric effects and provide a 
comprehensive analysis covering much of the periodic table.

What is the ORIGEN2 Code?

ORIGEN2 is a computer code designed to mathematically calculate 
the composition of nuclear materials as a function of decay, burnup, 
initial enrichment and reactor type.

Results
The ORIGEN2 code has subsequently been used on other 
analytical schemes involving irradiated samples.   It has been 
used to help interpret ICP/MS data, assist in the selection of 
analysis methods, and to aid in the preparation of sample 
dilutions.  

It has been especially useful in this analysis scheme because it
allowed a large number of samples to be analyzed for an entire 
suite of elements economically and efficiently. 

What are isobars and isobaric effects?

Isobars are isotopes of different elements that have the same mass 
number (e.g., U-238 and Pu-238).

When a sample containing isobars is separated by mass, the 
resulting data contain the sum of all isobars (elements) within that 
particular mass.

Confirming the identity of fuel samples

In order to estimate the accuracy of the ORIGEN2 
calculations, we separated the uranium and 
plutonium and analyzed them for their isotopic ratios 
via TIMS.  It was noticed that the ratios differed to 
those predicted by ORIGEN2.  The identity of the fuel 
received was then questioned.  When the thermal 
ionization mass spectroscopy (TIMS) results were 
compared with ORIGEN2 predictions of other fuel 
pins, we were able to establish our fuel identity.
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Decoupling ICP/MS results using the ORIGEN2 Code

The ORIGEN2 code predictions for the fuel composition were used 
for all isotopes containing less than 10-10 grams (in the ORIGEN2 
code output) starting with mass 82.  Special notice was made of 
masses with only one predicted isotope (no isobars).  All other 
expected isotopes of that element were ratioed to the isobar free 
isotope.  In the cases where there were no isobar free isotopes of a 
particular element, other isotopes of the same given mass 
(calculated via ratios) were subtracted from the ICP/MS results for 
that mass.

Isotope Multiplier Isotope Being Ratioed To
SE 82 1

RB 85 1

RB 87 2.13E+00 RB 85

SR 86 1

SR 87 8.04E-06 SR 88

SR 88 1

SR 90 9.20E-01 SR 88

Y 89 1

Y 90 1.76E-04 Y 89

Y 91 2.83E-41 Y 89

ZR 90 3.70E-01 ZR 92

ZR 91 9.35E-01 ZR 92

ZR 92 1

ZR 93 1.11E+00 ZR 92

ZR 94 1.14E+00 ZR 92

ZR 96 1.15E+00 ZR 92

NB 93 0.438*(93-Zr93)

NB 93M 0.562*(93-Zr93)

NB 94 94-Zr94

MO 100 1.15E+00 MO 97

MO 95 1  

MO 96 4.08E-02 MO 97

MO 97 1

MO 98 1.04E+00 MO 97

TC 98 98-Mo98

TC 99 99-Ru99

RU 100 8.62E-02 RU 101

RU 101 1

RU 102 9.85E-01 RU 101

RU 104 6.48E-01 RU 101

RU 106 8.35E-08 RU 101

RU 99 7.80E-05 RU 101

RH 102 3.33E-08 RH 103

RH 103 1

PD 104 4.55E-01 PD 105

PD 105 1

PD 106 7.97E-01 PD 105

PD 107 4.93E-01 PD 105

PD 108 3.45E-01 PD 105

PD 110 1.13E-01 PD 105

AG 107 107-Pd107

AG 109 1

CD 108 1.80E-05 CD 111

CD 110 8.69E-01 CD 111

CD 111 1

CD 112 1

CD 113 1.15E-02 CD 111

CD 113M 3.91E-03 CD 111

CD 114 9.18E-01 CD 111

CD 116 3.61E-01 CD 111

IN 113 113-Cd113-Cd113M

IN 113 3.93E-02 In115 (via Sn115/117)

IN 115 1.39E+01

SN 114 1.76E-04 SN117

SN 115 3.81E-02 SN117

SN116 6.45E-01 SN117

SN117 1

SN118 1.01E+00 SN117

SN119 1.01E+00 SN117

SN120 1

SN121M 2.65E-04 SN117

SN122 1.13E+00 SN117

SN124 1.53E+00 SN117

SN126 3.16E+00 SN117

SB121 121-Sb121M

SB123 123-Te123

SB125 125-Te125

SB126 126-Te126-Sn126

SB126 1.21E-07 SB123 (via Te123)

TE122 1.65E-03 TE130

TE123 2.33E-05 TE130

TE124 1.26E-03 TE130

TE125 5.33E-02 TE130

TE126 2.05E-03 TE130

TE128 1

TE130 1

CS133 1

CS134 7.97E-05 CS133

CS135 1.80E-01 CS133

CS137 4.24E-01 CS133

BA132 7.61E-05

BA134 8.48E+00

BA135 1.60E-02

BA136 1

BA137 2.72E+01

BA138 7.05E+01

LA138 1.49E-05 LA139

LA139 1

CE140 1

CE142 9.32E-01 Ce140

CE144 1.97E-09 CE140

PR141 1

ND142 0.014185826 ND143

ND143 1

ND144 1.29E+00 ND143

ND145 1

ND146 7.17E-01 ND143

ND148 3.93E-01 ND143

ND150 1.65E-01 ND143

PM146 146-Nd146-Sm146

PM146 6.25E-04 Pm147 (via Sm147)

PM147 147-Sm147

SM146 2.67E-03 SM149

SM147 7.77E+01 SM149

SM148 4.28E+01 SM149

SM149 1

SM150 6.39E+01 SM149

SM151 3.98E+00 SM149

SM152 2.86E+01 SM149

SM154 8.07E+00 SM149

EU150 1.62E-09 EU153

EU151 2.45E-02 EU153

EU152 1.76E-04 EU153

EU153 1

EU154 4.78E-02 EU153

EU155 3.42E-03 EU153

GD152 5.51E-06 GD158

GD154 4.10E-02 GD158

GD155 1.64E-03 GD158

GD156 1

GD157 1

GD158 1

GD160 1.75E-04 GD158

TB159 1

DY160 2.47E+00 DY161

DY161 1

DY162 1

DY163 1

DY164 1

HO165 1

HO166M 8.85E-03 HO165

ER166 5.62E+00 ER168

ER167 1

ER168 1

ER170 3.48E-06 ER168

TM169 1

TM171 6.68E-06 TM169

YB170 4.22E+02 YB172

YB171 3.04E+01 YB172

YB172 1

PB206 1

PB207 1

PB208 1

PB210 1

PB212 8.52E-05 PB208

BI209 1

BI212 3.13E-01 BI209

RA223 1.88E-04 RA226

RA224 1

RA226 1

AC227 227-Th227

TH227 3.24E-08 TH230

TH228 1

TH229 1

TH230 1

TH231 4.93E-06 TH230

TH232 1.75E-01 TH230

TH234 7.83E-04 TH230

PA231 231-Th231

PA233 233-U233

PA234 0.31*(234-Th234)  

PA234M 0.69*(234-Th234)  

U232 1.14E-08 U235 - From Origen

U233 2.08E-07 U235 - From Origen

U234 1.22E-02 U235

U235 1

U236 2.11E-01 U235

U237 5.70E-10 U235 - From Origen

U238 6.61E+01 U235

U238 238-Pu238-Np238

NP236 2.58E-06 Np-237 (via U237)

NP237 237-U237

NP238 238-U238-Pu238

NP238 2.52E-10 Np237 (via U237)

NP239 7.31E-08 Np237 (via U237)

PU236 1.18E-12 PU240 - From ORIGEN

PU238 6.15E-02 PU240

PU239 3.26E+00 PU240

PU240 1

PU241 1.55E-01 PU240

PU242 1.12E-01 PU240

PU244 1.98E-06 PU240 - From ORIGEN

AM241 241-Pu241

AM242 1.89E-07 AM243 (via Cm243 and Pu244/240)

AM242M 1.58E-02 AM243 (via Cm243 and Pu244/240)

AM243 243-Cm243

CM242 4.09E-04 CM244 (via Pu244/240)

CM243 2.76E-02 CM244 (via Pu244/240)

CM244 244-Pu244

Isotope ratioed to 
another ratioed 
isotope or has other 
considerations

Isotope being ratioed 
to an isobar free 
isotope

Isobar free isotope

Isotope determined by 
subtracting ratioed 
isotope from mass 
number


